This paper estimates economies of scale and scope for 200 large Australian superannuation (pension) funds in 2009 using a multiple-output cost function. This is the first and currently only year that certain fund-level information provided in the superannuation annual returns to the Australian Prudential Regulation Authority (APRA) has been deemed non-confidential and made publicly available. Costs are separately defined in terms of investment expensesincluding investment, custodian and asset management fees-and operating expenses-comprising management, administration, actuarial, director and trustee fees and charges. Four outputs are specified for each cost: namely, cash flow adjusted net assets, the number of investment options, the proportion of total assets in the default strategy and the five-year rate of return for investment costs, and cash flow adjusted net assets, the number of members, net contribution flows and net rollovers for operating costs. The findings indicate that ray economies of scale hold up to at least 300 percent of current mean output in both investment and operating costs, though product-specific economies of scale hold primarily for assets under management and the number of investment options at relatively high levels of output for investment costs and for rollovers at low levels of output for operating costs. In contrast, there is little evidence that global and product-specific economies of scope prevail in the sector, and this is reflected in the proclivity of many superannuation funds to contract out many aspects of their investments and operations.
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Introduction
Australia's superannuation system [comprising a compulsory employer-funded superannuation (retirement income) system supplemented by a narrowly-focused (age, means and income tested) public pension] continues to grow apace with collective superannuation savings forecast to increase from $1.1 trillion (90% of GDP) today to $6.1 trillion (130% of GDP) by 2035. At the same time, the profile and structure of the superannuation industry has also changed rapidly, with consolidation projected to cause the number of large funds (excluding eligible rollover funds) to fall from 447 today (4,734 in 1996) to 74 in 2035 and the size of the largest fund to increase from $41.5 billion today to $350 billion in 2035 (Cooper Review 2010: 10) . However, accompanying these dramatic changes has been disquiet about the limitations of the present system in terms of efficiency (that the system operates in the most cost effective manner and in the best interests of members), structure (that effective competition is promoted leading to downward pressure in system costs) and operations (that returns to members be maximized, including through minimizing costs).
It was on this basis that the Review of the Governance, Efficiency, Structure and Operation of Australia's Superannuation System (Cooper Review) was tasked in May 2009. Reporting back in June 2010, the Cooper Review (2010b) made a large number of recommendations. These include the substantial benefits for members of increased scale in the superannuation industry, the desirability of the Australian Prudential Regulation Authority (APRA) in overseeing and promoting the efficiency of the superannuation system, and the proposed role of SuperStream (a package of measures aimed at reforming back-office operations in terms of the increased use of technology, uniform data standards, tax file identification, and straight-through processing of transactions) and MySuper (a simple product designed for the majority of members) in lowering overall costs.
Clearly, a major focus in these and future developments has been and will be the level of investment and operating (administration) costs, particularly their interaction with the scale (the size of production) and scope (the diversity of production) of superannuation funds. For instance, in terms of investment costs, the Cooper Review (2010: 13) argues that these will necessarily vary according to whether the assets are actively or passively management, the underlying asset allocation, scale, and the extent to which the trustee has decided to invest in alternative and illiquid assets to capture the benefits of diversification returns in disparate assets classes. Putting this aside, superannuation costs in Australia are substantial with the Cooper Review's (2010) estimated costs of investing passively (actively) ranging from 24 (47) basis points (bps) for conservative portfolios to 31 (62) bps for balanced portfolios for funds with an asset size of less than $100 million, down to 2 (20) bps for conservative portfolios and 2 (36) bps for balanced portfolios for funds with assets in excess of $20,000 million. Similarly, operating costs should also vary widely with the scale of superannuation fund operations with the respective MySuper estimates for small ($10,000) and large ($250,000) accounts falling from 262 and 10 bps in funds with less than $100 million in assets and 4,000 members to 74 and 3 bps in funds with more than $20,000 million in assets and 800,000 members. It should be noted that the Cooper Review expressed rather less concern with the scale of self-managed super funds (SMSFs) where it held the view that scale did not appear to be an issue, with one in three SMSFs paying 25 bps or less in MER (management expense ratio) (Fahrer 2010 ).
[4]
Unfortunately, and outside the Cooper Review's (2010a) recent evidence, there is relatively little work on efficiency measurement in superannuation funds, in stark contrast with most other financial services and products [see Berger et al. (1993) , Berger and Humphrey (1997) and Worthington (2010) for suitable surveys]. This is an important deficiency because of the ability of investment and operating costs, as reflected in member fees, to erode retirement benefits. For example, Bikker and de Dreu (2006) argue that an increase in annual operating costs of just one percent of pension fund assets implies a cumulative reduction of 27% in eventual benefits, or equivalently, an increase of more than 37% in pension costs [see also Bateman et al. (2001) ]. Similarly, the Cooper Review (2010a) details Treasury evidence that the benefit of its proposed MySuper reforms incorporating a roughly 40 percent fee cut would lift the average worker's final superannuation balance by around $40,000 or 7 percent. Moreover, even less attention is paid to the particular role of economies of scale and scope in improving the level of cost efficiency in superannuation funds. For instance, the Cooper Review (2010a: 112) emphasizes scale as a dominant factor in the determination of both investment and operating costs in superannuation funds: "In relation to a superannuation fund, scale advantages can relate to investment fees, in-house investment expertise, private placement capabilities, ability to spread investment risk through diversification, reduced administrative unit costs, and enhanced availability of education, information and service".
Of the literature that does exist concerning economies of scale and scope in superannuation funds, we may identify two separate though related strands. The first, much smaller strand, concerns the few studies investigating the influence of superannuation (pension) fund characteristics on operating costs, primarily focusing on scale and experience in the US (Mitchell and Andrews 1981; Mitchell 1998; Ghilarducci and Terry 1999; Barber et al. 2005 ), but also Australia (Clare 2001; Bateman 2001; Bateman and Mitchell 2004) , Ireland (Mahon 2006 ) and the UK (Audit Commission 2006) along with some international comparisons (Whitehouse 2000; Dobrogonogov and Murthi 2005; James et al. 2005) . Overall, the findings suggest that significant economies of scale may be attained in operating costs and that these costs vary significantly across both systems and funds.
The second, much larger, strand examines the costs of investment (mostly in terms of their ability to generate abnormal returns) incurred by mutual funds [see Dermine and Roller (1992) , McLeod (1997), Latzko (1999) , Bauer et al. (2006) , Malhotra et al. (2007) , Bauer et al. (2010) ] and sometimes REITs (Bers and Springer 2007) .
In this regard, Bikker and De Dreu (2006) argue that the costs of investment operations for mutual funds are similar to pension funds (indeed many pension funds invest in mutual funds) and so the mutual fund literature offers useful insights into the investment costs of pension funds. Once again, the evidence is that substantial unused economies of scale relate to costs in the mutual fund industry, and by inference, the overall pension system.
For the most part, just three studies are broadly related to the objective of this paper to estimate economies of scale and scope in Australian superannuation funds. First, Ang and Wuh Lin (2001) also employ cost functions to estimate economies of scale and scope, though in the context of US mutual funds. The main emphasis there is on the parameter estimates for different fund characteristics (including asset allocation and investment strategy) with the findings indicating strong economies of scale in operating expenses but only weak evidence of economies of scope in multiproduct funds. Second, Malhotra et al. (2001) estimate a translog cost function for retail superannuation funds in [5] Australia in 1999/2000. Putting aside that this analysis is now rather dated, the emphasis lies with estimates of cost elasticities at the mean and not economies of scale at different levels of output. No attention is paid to economies of scope. Finally, de Dreu (2006, 2009) formulate models of investment and operating costs for Dutch pension funds, but as with Malhotra et al. (2001) there is no attempt to estimate economies of scope nor discuss scale and scope efficiencies at different levels of observed output. Nevertheless, it is in the spirit of the latter that this study is most framed.
The paper is divided into four main sections. Section 2 briefly discusses the investment and operating costs in superannuation funds and how the theoretical and conceptual sources of economies of scale and scope apply. Section 3 deals with the specification of superannuation fund costs and outputs. Section 4 focuses on the cost function specification used to estimate the economies of scale and scope and Section 5 presents the results. The paper ends with some concluding remarks in the final section.
Economies of scale and scope in superannuation funds
In general, we can divide the overall costs required to operate a superannuation fund into two areas: investment costs and operating (or administration) costs. To start with, investment-related costs are those expenses required to make and undertake investment decisions and, according to the Cooper Review (2010a), are quite properly related to the assets under management, principally investment, custodian and asset management fees. As also noted by the Cooper Review (2010a), while the quantum of these costs are expected to increase proportionately to the amount of assets under management, they will necessarily vary with whether the assets are managed actively or passively, the nature of the underlying asset distribution, the extent to which the trustee has decided to in invest in alternative and illiquid assets, and the size of the assets under management.
For instance, while the Cooper Review (2010a) reasonably suggests that the costs (in basis points) of managing a passively managed portfolio will generally be lower than an equivalent actively managed portfolio, the costs for both will decline as assets increase. One reason for this is that smaller funds generally make key strategic decision regarding investment using external advice and then delegate and monitor (outsource) the managers appointed to implement these decisions. The larger the fund, however, the more likely it will have its own internal investment specialists and the broader the role they will play, with the presumption this can be done at lower cost. Another reason is that many investment costs are fixed and so increasing the assets under management can distribute this over increasing levels of output. Costs will also necessarily vary by asset class and this may well reflect the management skills and information required. For example, the Cooper Review (2010a) concludes that the costs of balanced portfolios will exceed conservative portfolios, with the costs of investment also being relatively higher for international investments over domestic investments and property and equity relative to fixed interest and cash.
By comparison, operating costs in superannuation funds largely reflect the transaction-based needs of members across a wide range of services, including the customer interface (call centres, websites, mailrooms, marketing), backoffice processing (new members, benefit payments, contribution uploads, compliance, audit and reporting), and record-keeping systems (information technology, member records, transactions, and investment support), comprising [6] expenses on both labour and physical capital. Importantly, some of these services are almost universally handled by external parties (such as custodian services) whereas others are found along a spectrum of in-house and external third-party providers. Equally importantly, while most of these costs are positively related to fund membership, they have the propensity to decline with average account size.
That said, the Cooper Review (2010a) identifies four principal patterns of behaviour with operating costs and these typically vary by the type of fund. First, most corporate funds will typically partner with a third party to deliver the bulk of administrative services, with the major role of the (small) trustee office being to liaise with and manage the service providers. Second, industry funds will generally work with an administrator for day-to-day processing; smaller industry funds will tend to operate their own departments with purchased software or boutique administration services companies. Third, wealth management organizations will generally maintain their own internal administration, including an independent trustee office working closely with the administrative arm. Finally, public sector funds sometimes use a specialist administer that has evolved alongside the fund.
In terms of both theory and the goal of maximising member benefits net of costs, a possible long-run cost objective for a superannuation fund is to be in a position to produce the desired output (or outputs) at the lowest possible cost (or cost minimisation). Based on the above discussion, the principal outputs for most superannuation funds would appear to be assets (for investment costs) and members (for operating costs). Among other things, this means adjusting the scale of production to the most appropriate size. Sometimes dividing the production process into smaller more specialized production units can result in economies, as evidenced by the allocation of some superannuation funds tasks across divisions or departments. On other occasions, enlarging the scale of production can achieve lower unit costs. This can proceed over time through a continuum ranging from the internal provision of services through to full contracting out. Through this process, superannuation funds overcome indivisibilities in factor inputs, avoid the costs of a lack of capacity, and gain access to economies in the fixed costs of production including purchasing, marketing and administration (including human resources and information technology).
The production process for a specific output (say, dollar value of assets or number of members) is then said to exhibit economies of scale when average cost (AC) (i.e. cost per unit of output) declines over some range (where
). For long-run average cost (LRAC) to decline, the marginal cost (MC) (i.e. the cost of the last unit produced) must be less than overall average costs (where
). If average cost is increasing, then marginal cost must exceed average cost and production exhibits diseconomies of scale. It is thought that diseconomies of scale could arise from a number of sources. These include the increase in input prices as industry constraints on factor availability apply, the reduction of incentives and the growth of bureaucracy in large organisations, and the increasing lack of specialised resources in once small markets.
In the superannuation industry, as in most industries, it is thought that average costs are U-shaped in cost-output space, so that the smallest and largest funds have equally high costs relative to medium-sized funds. That is, on either side of the minimum efficient scale (MES) of production, costs are rising so output less than or more than the MES is inefficient from a cost perspective. This would appear to match the simple analysis in Figure 1 where a quadratic [7] function is fitted to a scatter plot of observations using the data to be employed in this analysis. As shown, both operating costs per member and operating costs per dollar value of assets display a distinct U-shaped pattern. In practice, there is potentially much variation. One possibility is that economies of scale are negligible and diseconomies dominate at relatively low levels of output. Elsewhere, economies of scale may be extremely important and decline continuously over a wide range until output diseconomies are experienced. This results in cost efficient outputs for output levels equal to and exceeding the MES.
Figure 1 Operating costs per member and dollar value of assets
In yet other contexts, the LRAC may be virtually horizontal over a wide range of output: economies of scale are quickly exhausted though diseconomies are not encountered until very large levels of output are produced. These L-shaped cost curves are indicative that small, medium, and large-sized superannuation funds could operate with an approximately equal level of cost efficiency beyond the point of MES where average costs are either flat or only slightly increasing. This would seem to be the case in Figure 2 where investment costs per member are increasing only slightly while investment costs per dollar value of assets appear to be declining over a large range of output.
The presence of economies (diseconomies) of scale rests on the functional relationship between the costs of production and the rate of output per period. In other words, costs = ƒ(output). However, the rate of output is, in turn, a function of the rate of usage of the resource inputs: that is, output = ƒ(inputs). As the production function displays the relationship between input and output flows, once the prices of the inputs (or factor prices) are known, the costs of a specific quantity of output can be calculated. Consequently, the level and behaviour of costs as a fund's rate of output changes (as evidenced by the LRAC) depends on two important factors: (i) the character of the [8] underlying production function and (ii) the prices the firm must pay for its resource inputs. Generally, the first factor determines the shape of the cost function while the second determines the level of costs.
Figure 2 Investment costs per member and dollar value of assets
Consider now a superannuation fund using L units of labour (say, investment management and administrative labour) in combination with K units of capital (both financial and physical) to obtain an output of Q units such that L + K → Q. Now assume that the amounts of labour and capital are increased by some arbitrary proportion a with the expected proportional increase in output given by b such that aL + aK → bQ. When the change in output is more than proportional to the change in input (b > a), increasing returns to scale are found. For example if the inputs of labour and capital increase by 20%, output rises by 30%. Alternatively, when the change is less than proportional to the change in inputs (b < a), the firm experiences decreasing returns to scale. An example here would be the labour and capital inputs increase by 20% but outputs only rise by 10%. Finally, where the change in output is proportional to the change in inputs (b = a) constant returns to scale are present. In this case, increasing inputs by 20% would also result in output increasing by 20%.
It is often tempting to use the terms economies (diseconomies) of scale (a cost concept) and increasing (decreasing) returns to scale (a production concept) interchangeably. While strictly incorrect, to yield economies of scale the production function must have some region of increasing returns to scale, and to yield diseconomies of scale it must have a region where there are decreasing returns to scale. In fact, the levels of output where economies (diseconomies) of scale and increasing (decreasing) returns to scale occur will exactly correspond when the firm faces [9] constant input prices as output expands. This is most likely to occur for a relatively small entity in a competitive industry where the input demand by one firm is likely to be small relative to total market demand. In other cases, however, where the firm's demand for inputs is large relative to total industry demand, situations may arise where economies of scale occur at the same time that the firm experiences constant (or even decreasing) returns to scale.
Consider, for example, a superannuation fund with constant returns-to-scale in a decreasing cost industry. If the inputs (L, K) increase by a given proportion (a), output (Q) will expand by the same proportion (b) such that b = a (i.e.
constant returns-to-scale). However, if input prices decline as Q rises, it follows that the average costs of producing aQ must be less than the average cost of producing Q, and long-run average costs must fall (i.e. economies of scale).
Similar arguments show that production can even exhibit decreasing returns-to-scale and we can still attain economies of scale so long as the impact on average costs by the decline in factor prices sufficiently offsets the increased use of inputs and vice versa.
In the above discussion, a single output (member accounts and assets) is considered. Once multiple product production arises, the presence or absence of complementarity between outputs in production in a firm becomes important. This diversity of products (goods or services) within a single firm (or superannuation fund in this case), known as 'scope', may provide cost advantages in that a single fund producing a given level of output for product may spend less than a combination of several specialised funds. That is, economies of scope arise when it is cheaper in terms of total cost (TC) to produce some level Q of product A in conjunction with some level of product B, rather than each separately, TC(Q A , Q B ) < TC(Q A , 0) + TC(0, Q B ). Among firms, this process often manifests itself in the jargon as leveraging core competences, competing on capabilities, mobilizing invisible assets, diversification into related products, and umbrella branding. In the case of production in superannuation funds, the production process typically comprises multiproduct attributes because it produces multiple products (different investment options, member services, and returns) through the sharing and joint utilisation of inputs including investing management and administrative labour, custodian services, information technology, human resources, and so on. Stochastic cost functions typically regress costs (here separated into investment and operating costs) on the quantity and price of the factor inputs used in production (typically capital and labour) and the outputs produced.
Specification of outputs and costs
Unfortunately, the limited data released by APRA does not permit full specification of the prices and quantities of the [10] factor inputs. For example, it would be typical in a bank cost function to specify the quantity of labour employed (where the price is the average wage and salary) along with the dollar value of deposits and other borrowings reflecting the input of financial capital (where the price is the average deposit rate) and some measure of physical capital (say, the dollar value of physical assets) (where the price could be the rate of depreciation on physical capital).
As this data is not available, it amounts to the assumption that input prices are constant across the superannuation industry and so the quantity of factor inputs employed in production is proportional to the quantity of investment expenses-including investment, custodian and asset management fees-and operating expenses-comprising management, administration, actuarial, director and trustee fees and charges. Fortunately, this is not too unrealistic in that Australian superannuation funds are arguably price-takers operating in highly competitive global factor markets. Four outputs each are specified for the investment and operating functions of superannuation funds. Table 1 includes selected descriptive statistics. For investment costs these are: cash flow adjusted assets (CAS) (in $ millions), the number of investment options (IOP) (n), the percentage of funds in defined benefits (DEF) (%), and the five-year average return (FIV) (%). The justification is that while it is generally accepted that the costs of investment are expected to increase proportionately to the amount of assets under management, they will also necessarily vary with whether the assets are managed actively or passively, the nature of the underlying asset distribution, the extent to which the trustee has decided to in invest in alternative and illiquid assets, and the size of the assets under management. On this basis, as the number of investment options increases, so too will the costs associated with management, while a larger proportion of members in a defined benefit fund will tend to place downward pressure on investment costs associated with a relatively more conservative strategy. Lastly, it is expected that higher investment returns will ultimately only result from increased investment expenses at the fund level, even if only for the fact that management securing higher returns will demand a premium for its services.
Turning to operating costs, the four outputs are cash flow adjusted assets (CAS) (in $ millions), the number of members (MEM) (n), net contributions (CNT) (in $ millions) and net rollovers (RLL) (also in $ millions). The principal argument here is that operating costs are mostly related to transaction-related services within the fund and that these [11] will first and foremost vary with the number of fund members. However, they will also vary with the average account size (as reflected in the interaction with assets under management) and the frequency and magnitude of members' principal transactions with the fund in terms of contributions and rollovers. Given the extremely limited literature in this area it is difficult to build a strong case for either specification on the basis of assumptions used in previous studies. Nonetheless, it is comparable to that employed in Bikker and de Dreu (2006) where investment and operating costs were specified as a common function of investment funds, liabilities of various types, the percentage invested in stocks, and the proportion of pensioner and inactive members. Bikker and de Dreu (2006) also included dummy variables for industry, professional, company and defined contribution funds and a similar attempt was made in this study to identify retail, industry and corporate funds and those offering either an accumulation, hybrid or defined benefit. Regrettably, the variance inflation factors for these dummies greatly exceeded ten, thereby indicating the presence of harmful multicollinearity, and accordingly removed from the final specifications.
Model specification
A cost function is employed to estimates the economies of scale and scope in Australian superannuation funds. The basic assumption is that superannuation funds seek to minimise their costs at some chosen level of output. A quadratic cost function is used for this purpose. This has the advantage of a flexible specification applicable to multifactor production. The cost function is also an appropriate form to take account of the linear, quadratic and cross-product terms found with more than a single output. A cost function that allows the economies of scale to vary with the different levels of output is specified as: The cost function in (1) allows the estimation of the economies of scale and scope. These are defined as ray economies of scale, product-specific economies of scale and product-specific economies of scope. Under ray economies of scale, the composition of each superannuation fund's output is assumed to remain fixed while the aggregate size of output varies. This provides a measure of scale analogous to the single output case where ray economies (diseconomies) of scale exist if the measure is greater (less) than unity. Product specific economies of scale, however, allow one output to vary, while all other outputs are held constant. Product-specific economies (diseconomies) of scale then exist if the measure is greater (less) than unity. Finally, product-specific economies of scope measure whether the cost of producing the outputs jointly is less than the costs of producing them separately.
A value greater than or equal to zero thus indicates that cost advantages accrue through the joint production of outputs.
[12]
The method for calculating these measures is as follows. First, the average incremental cost, AIC(y i ) for producing output y i is defined as:
where C(y) is the total cost of producing the four outputs and C(y N-1 ) is the total cost of producing zero units of the ith output. In the case of a single product, the economies of scale are measured by the average incremental cost divided by the marginal cost. The product-specific economies of scale for y i , E(y i ) are specified as:
where
is the marginal cost of producing y i units of output. Ray economies of scale exist when the quantities of the product are increased proportionately and are presented as:
If E(y i ) or E(RAY) is greater than one (less) than one then economies of scale (diseconomies of scale) exists for output y i . Second, economies of scope can be divided into global economies of scope (GES) and product-specific economies of scope (PES) and these are defined as:
The product-specific economies of scope are calculated as:
Empirical results
The estimated coefficients, standard errors and p-values of the investment and operating quadratic cost functions are presented in Table 2 . It is clear that the model will inevitably have some multicollinearity as the explanatory variables contain a linear combination of outputs together with squared and cross-product terms. Accordingly, it is generally difficult to interpret the estimated slopes of quadratic cost functions. The R 2 for the investment cost function reported on the left-hand side of Table 2 is 0.6470 while that for the operating cost function on the right-hand side is 0.7776.
The null hypotheses of no output effects are jointly tested in addition with various tests of no linear, quadratic and
output cross-product effects with Chi-squared test statistics. All hypotheses are rejected at the one percent level of significance, thus suggesting that jointly all explanatory variables should be included in estimating the investment and operating cost functions for Australian superannuation funds.
The estimated quadratic cost functions in Table 2 are used to estimate the marginal costs (MC) and average incremental costs (AIC) for each of the four superannuation fund outputs (CAS, IOP, DEF and FIV for investment costs and CAS, MEM, CNT and RLL for operating costs) for levels of mean output running from 50% to 300% (i.e. 100% is the mean output in the sample data) in Table 3 . The mean values are $3,435 for CAS, 97.14 for IOP, 51.34% for DEF, 3.37%
for FIV, 153.93 for MEM, $193.47 for CNT and $22.16 for RLL.
[14] Consider the marginal costs of investment on the left-hand side of Table 3 in the lower panel. As shown, investment costs decline continuously as output (as measured by cash flow adjusted assets) increases from 50% to 300% of the current mean output of Australia's 200 largest superannuation funds. This is also the case for the number of investment options (IOP) suggesting that larger funds with more investment options find it increasingly less costly on a marginal basis. However, the marginal costs increase as the share of defined benefits (DEF) in the fund and the fiveyear return (FIV) increases, suggesting that better investment performance comes at a price to net benefits. A similar picture emerges with the operating cost function on the right-hand side of Table 3 . As shown, the main driver of operating costs at higher levels of output appears to be size of the fund in terms of cash flow adjusted assets (CAS) and the amount of fund rollovers (RLL). At all but the lowest level of mean output, the number of members (MEM) and the levels of contributions (CNT) have only a small impact on operating costs, suggesting that most operating costs are fairly small per member and dollar value of contributions once some minimum fund size is attained. The product-specific (E) and ray (RAY) economies of scale for investment and operating costs are presented in the upper panel of Table 4 . As defined earlier, the point estimates represent the degrees of ray economies (diseconomies) of scale: if the point estimate is greater than unity, then ray economies of scale exist across the output set. As shown, ray economies (the proportional augmentation of output holding composition constant) exist from 50% to 300% of [16] the mean output over the sample period for both investment and operating expenses. This suggests that the sector as a whole is currently experiencing economies of scale and there is a clear incentive to expand the production of all outputs to exploit existing potential scale economies. However, while the ray economies for investment costs are continuously increasing at an increasing rate those for operating costs are increasing at a decreasing rate. Ultimately, at some level above 300% of the current mean output, diseconomies of scale will impact upon operating costs in Australia's superannuation funds.
The upper panel in Table 4 also includes the product-specific economies of scale. These are the scale economies that exist were an output increased in isolation. As shown, for investment costs there are product-specific economies of scale from 150% to 300% of current mean output for CAS, from 100% to 300% for IOP and from 250% to 300% for FIV.
This complements evidence from the previous table that the main drivers of scale economies in superannuation funds are increasing the level of assets under management and the number of investment options. Turning to operating costs, the product-specific economies of scale only operate for relatively narrow bands at fairly low levels of output.
This suggests that scale economies in operating costs can only be realised when increasing all transaction-related activities in proportion within the same fund.
Unlike many other industries, production in Australian superannuation funds does not typically involve full joint production of the various investment and operating outputs given the tendency for funds to choose various combinations of contracted out and in-house provision of both investments and operations. This would appear justified in the lower panel of Table 4 where there are global economies of scope (GES) only for operating costs at fairly high levels of mean output (150% to 300%). There would appear to be no economies of scope possible in investment overall, and only some product-specific economies of scope for the IOP, DEF and FIV at extremely low levels of output. Overall, this would suggest there is little incentive for superannuation funds to undertake all of their various investment and operating activities in-house once the fund has reached just 50% to 75% of the current level of mean output. Beyond this point, there are certainly strong economies of scale in both investments and operations, and thus an incentive for the fund to grow larger through increasing assets under management and the number of members through growth or fund consolidation, but little evidence of economies of scope. Hence, it is highly costeffective for large superannuation funds to contract-out many of their investment and operating activities.
[17] 
Concluding remarks
This study examined economies of scale and scope in Australian superannuation fund in 1999. Costs were defined separately in terms of investment expenses-including investment, custodian and asset management fees-and operating expenses-comprising management, administration, actuarial, director and trustee fees and charges. Four distinct outputs were also specified for each type of cost: namely, cash flow adjusted net assets, the number of investment options, the proportion of total assets in the default strategy and the five-year rate of return for investment costs, and cash flow adjusted net assets, the number of members, net contribution flows and net rollovers for operating expenses. Product-specific and ray economies of scale and product-specific and global economies of scope are calculated using estimates from a quadratic cost function. The main findings are as follows.
First, there is evidence of ray economies of scale (assuming the composition of outputs remains unchanged) up to at least 300% of current mean output in both investments and operations. After this point, there is some evidence that diseconomies of scale in operations may arise and so there is little incentive for universities to expand output far beyond that level. However, the economies of scale in investment costs increase at an increasing rate up to 300% of the current level of output and this suggests that diseconomies in investment costs (if they do exist) will only apply at much higher levels of output than currently found in the Australian superannuation fund industry. Second, in contrast the evidence for economies for scope is very weak, with global economies of scope only found in operations and then only slowly at very high levels of output. This suggests that only the largest funds will benefit in cost terms from full inhouse production of administrative services and that for the typical superannuation fund there are substantial cost savings in contracting-out many administrative tasks and nearly all investment activities (or at least, no cost savings in in-house production).
Of course, this analysis has a number of limitations and these provide useful avenues for future research. The main limitation is data availability in that only a single cross-section of the fund-level returns provided to APRA is currently available. Certainly, the estimated parameters of any cost function will be more robust if it is possible to employ panel data, but this will not be possible until 2011 for the 2010 data. Another limitation is that APRA has only released certain fund level information. Once again, a larger set of candidate explanatory variables would enable a more comprehensive analysis to be made.
[19]
